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INTRODUCTION
Integration into trade through the global supply chain (GSC)-the process of breaking down the production process into distinct parts and locating different tasks in different countries-has been a driving force underlying economic transformation, urbanization, and social change in the People's Republic of China (PRC). Chinese migrants have been the backbone of the rapid growth of the country's export industry since the mid-1990s. Indeed, the data show that the spatial distribution of migrant flows followed closely the regional growth of the export and manufacturing sector. In 1990-2010, the top seven destinations of migrant inflows were Guangdong, Zhejiang, Shanghai, Jiangsu, Beijing, Fujian, and Tianjin, all of which are ranked among the top 10 provinces in the PRC in terms of manufacturing and trade (Chan 2013) . Together these provinces attracted over 63% of total migrants in 2010. By 2012, the migrant population accounted for about 21%-25% of the total urban population and over 38% of those employed in manufacturing, which contributes over three-quarters of the PRC's GSC trade. Female migrants account for a large share of the labor force in the country's GSC production base, which started in coastal provinces and over time gradually spread to less developed inland provinces.
New empirical evidence from developing country firms shows that internationally engaged firms tend to employ a higher proportion of women workers (Shepherd and Stone 2017) . In particular, the cluster of activities related to GSC participation is associated with more intensive use of female labor. How women fared in the course of the PRC's economic transformation has been a largely neglected question in the existing literature. This study intends to fill this knowledge gap and improve policy making that can effectively advance the well-being of Chinese women in GSC trade. This paper follows a regression-based approach to evaluate the impact of GSC trade expansion on women's welfare by using province-level panel data constructed from a combination of four waves of the population census matched to provincial statistics. We capture welfare by occupation status.
To preview, there are two results that emerged from our empirical analysis: First, global trade expansion improved the labor status of men and women equally in professional and skilled occupations and in managerial positions. In contrast, female employment in manufacturing for GSC trade increased faster than male employment. This finding is consistent with other studies on the PRC in that an expansion of global supply chain network reduces the income gender gap. Gender-specific policies should support female migrants in moving up the job ladder in GSC trade through higher education and skills training for professional and leadership positions, complemented by gender equality incentives for the private sector.
The paper is structured as follows. Section II describes the trends in the PRC's evolving position in GSC trade and the accompanying changes in employment by gender over the past 3 decades. Section III presents the regression analysis of the impact of expanding GSC trade on women's welfare. The concluding section summarizes the key policy messages based on the analysis.
II. TREND ANALYSIS OF GLOBAL SUPPLY CHAIN TRADE AND WOMEN'S EMPLOYMENT
A. The Evolving Position of the People's Republic of China in Global Supply Chain Trade
The PRC has rapidly become the largest manufacturing economy in the course of 3 decades of GSC trade development. By 2012, it had overtaken the three traditional manufacturing giants-the United States, Germany, and Japan-with its share of global manufacturing output rising to 23% from 4% in 1980. During this period, these three largest manufacturing countries which had accounted for over 52% of global manufacturing output in the 1980s lost 24 percentage points of global manufacturing output, mainly to the PRC and other Asian economies (Baldwin and Lopez-Gonzalez 2013) .
The PRC's integration in GSC trade is not only reflected in the scale of its manufacturing output, its product composition too has evolved significantly over the past 2 decades. During the early phase 1980-2000, its manufacturing in GSCs mainly concentrated on low-technology labor-intensive tradables and export processing, producing goods such as apparel, textiles, and a range of electronic products mainly as assemblers and processers. However, in recent years, rising wages and currency appreciation have reduced the PRC's cost competitiveness. Rising factor costs have resulted in a decline in the PRC's position as a low-technology and low-cost labor-intensive producer in GSC trade. Most multinationals that produce labor-intensive goods, such as textiles and apparel, are already actively diversifying beyond the PRC to reduce costs and mitigate supply-chain risks. Investment data also indicate that the PRC is losing new factory investment to lower-cost locations such as Viet Nam, Bangladesh, and India (Eloot, Huang, and Lehnich 2013) .
The second phase of the PRC's economic development since early 2000 saw a fast growth of technology-intensive industries, which accounted for about 33% of value added as a share of gross domestic product (GDP) by 2012, while low-technology sectors have been facing a steady decline in their overall importance in the national economy. As the PRC rose to join the ranks of middle-income countries, the relative importance of manufacturing in the national economy started to decline, following the widely observed pattern of the manufacturing sector in many high-income countries over the past 2 decades.
1 By 2011, the growth rate of the country's manufacturing GDP had slowed, indicating it had reached its peak.
Instead, the country successfully upgraded the composition of its manufacturing production. Figure 1 presents the revealed comparative advantage (RCA) index, which is widely used to measure countries' comparative advantage by sector.
2 The comparison of RCA between 1995 and 2013 shows that the PRC has moved up the production value chain, with the electrical machinery and precision equipment sectors, which are of high-technology intensity, gaining the most. Low-technology sectors, such as leather, pulp, and paper production, have lost RCA. The PRC also reduced exports in sectors that are resource intensive, including animal husbandry as well as coal and coke-related production, although the textile sector remained largely unchanged. Figure 2 presents the growth rate across subsectors in the PRC between 1995 and 2011. The growth pattern shows that the country is indeed undergoing major structural changes and production upgrading, moving up the value chain. Sectors of high-technology content, such as electrical and optical equipment, chemical products, and machinery, had the highest growth rates, while low-technology sectors had relatively slower growth. The agriculture sector had the lowest growth during this period.
These structural changes in the economy will likely change the demand for skills and bring different types of employment opportunities to reshape the distribution of occupation groups. The key policy question is how the PRC's economic growth, in particular its rising dominance in GSC trade, has impacted women's employment, both in absolute terms and relative to men. 1 Empirical evidence suggests that the manufacturing sector's relative contribution to a national economy tends to peak when it reaches 20%-35% of the country's GDP. By 2012, the PRC's manufacturing sector accounted for roughly 40% of its GDP.
2
The RCA index is generally calculated as the industry's share of a country's exports divided by its share of world exports (Balassa 1965 ). An RCA value bigger than 1 indicates that a country has a comparative advantage in specific sectors relative to the world, and less than 1 means that it has a disadvantage in that sector and/or industry. Based on official statistics, it is striking that despite rapid growth during this period, the overall female labor force participation rate in the country declined from 79% in 1990 to only 70% in 2015. Though the overall male labor force participation rate also declined from 89% to 84% during this period, it remained consistently higher than the female one despite elderly women working more than men (Figure 3) . However, official data on labor force participation rates could be subject to measurement errors due to difficulties in accounting for the migrant population, or the so-called floating population. The scale of migration across provinces and between rural and urban areas increased from 5% in 1980 to over 28% in 2010, which can bias the measurement of the labor force participation rate if these migrants are not counted in official data. 3 The detailed explanations of the five occupations are summarized in Appendix 1. Among the five occupational groups, the services-related, manufacturing-related, and agricultural production-related occupations refer mainly to low-skilled jobs. This classification is also consistent with that used in the 2012 World Bank report on gender equality and development for the purpose of cross-country comparison.
3
The grouping of female employment is constrained by the occupation classifications of the PRC official employment statistics which group sector and occupation together. China in 1982 China in , 1995 China in , 2000 China in , and 2010 Source: National Bureau of Statistics. 1982 Statistics. , 1995 Statistics. , 2000 Statistics. , and 2010 . Population Census. Beijing.
In this section, we focus on two occupational subgroups-professional and skilled occupations and management positions-because they are direct measures of good jobs, which can best capture improvements in women's employment status. The professional and skilled occupational group includes scientific researchers, engineers and technicians, agricultural technical staff, airplane and ship technical staff, hygienic professional and technical personnel, economic business personnel, financial business personnel, professional law personnel, teaching personnel, literature and art staff members, sports staff members, journalism, cultural staff member, and religion-related jobs. The management group consists of leaders of the Central Committee of the Communist Party and of different local organizations, people responsible for government offices and their working organizations and public organizations, and managers in private businesses and enterprises.
From 1982 to 2010, the occupational gender concentration changed markedly. By 2010, women accounted for half of the employees in both agricultural and services-related occupations and about a third of manufacturing occupations, down from 35% in 1982. Women's occupational status improved significantly, with the largest increase in the proportion of women in professional and management occupations occurring between 1982 and 2010. During this period, the proportion of women increased from 38% to 51% in professional jobs and from 10% to 25% in managerial occupations. By 2010, a higher proportion of women than men were in such occupations. The PRC's increasing connection with the global economy through GSC trade and foreign direct investment (FDI) has been instrumental in transforming its manufacturing structure and upgrading production. These changes provided new and improved employment opportunities. The impacts of these changes on men and women may depend on gender inequality in education, skills, the functioning of the labor market, migration, and demographic factors such as the dependency ratio. 4 The foregoing trend analysis presents a positive association between upgrading of the manufacturing structure, as a result of FDI and trade openness, and improvement of women's employment. At the national level, the evidence seems to suggest that women have benefited disproportionally from the economic and structural changes, or at least gained faster access to some of the quality occupations relative to men. These changes can affect private decisions about educational investment for future generations and potentially reshape social norms, leading to a reconfiguration in the forms and extent of gender inequality.
III. PANEL DATA ANALYSIS
This section focuses on the estimation of the average impact of integration into GSCs and trade openness on women's welfare using panel regression. The census data that are publicly accessible are only in the form of aggregation at the province level. Therefore, family situations such as marital status and household urban residency (hukou) status cannot be incorporated in the analysis. The provincelevel panel data set was constructed using the four waves of national census data (1990, 1995, 2000, and 2010) , matched with other socioeconomic and demographic indicators from the provincial yearbooks (Appendix 2). The final panel data set covers 30 provinces (Chongqing was not included because its province status was granted in 2005) in the 4 years.
The panel data regression is particularly powerful in dealing with the potential estimation bias stemming from time-invariant omitted variables. The unobservable province-specific fixed effects, such as the location advantages or the tradition of entrepreneurship, which are likely to be correlated with the policy variables under study-the development of GSC trade-can be controlled in the panel data regression potentially to eliminate the principal source of estimation bias.
A.
Model Specification
The following model specification is used in the panel data regression:
where Y it is the women's welfare outcome indicator for province i in year t; X it is the vector of covariates including a wide range of demographic variables (population size, dependent ratio, birth rate, population growth rate), measure of GSC trade, sectoral composition, urbanization, average wage level, and government health and education spending; and α i is the province fixed effect. U it is the error term, that varies over i and t. The GSC trade is measured as the ratio of trade to GDP (both current and lagged measures). Since we do not have wage-level information by gender, the average wage level is included in the model as a proxy for labor cost.
4
The dependency ratio is a measure showing the number of dependents, aged 0-14 and over the age of 65, to the total population aged 15-64.
The inclusion of government social spending on health and education is particularly important in this study. Global evidence consistently shows that well-designed public policies, rather than market forces, are the driving forces that improve development outcomes, measured by health, education, and equity. In contrast to many countries that have been burdened with large budget deficits combined with slow growth in the aftermath of financial crises, the PRC's fiscal capacity increased over 28 times between the early 1980s and 2010 backed by a sustained annual growth rate of about 7% over 2 decades. However, the role of government in the provision of social services has been shrinking amid rapid privatization of basic service provision in health and education services. In 2010, government social spending as a share of GDP was about 20% in the PRC, compared with an average of 44.5% among members of the Organisation for Economic Co-operation and Development. The PRC's highly decentralized fiscal system further aggravates social disparities. With local governments responsible for funding local services, poor regions were not able to provide quality social services, and poor households were particularly affected due to their limited financial resources to meet the rising costs of health and education services. This is evidently reflected by the strong correlation between income inequality and inequality in social indicators across provinces (Wang 2014 ).
In the regression analysis, women's welfare status is measured using a wide range of indicators, both in terms of absolute level and in terms of gender inequality measures. The indicators include occupation (share of skilled and management occupation by gender and share of manufacturing occupation by gender) and educational attainment (share of university qualification by gender and share of high school qualification by gender). The inequality measures are the male-female sex ratio of children aged 0-4, female-male ratio of the share of skilled and management occupations, female-male ratio of share of manufacturing occupations, female-male ratio of share of university and high school qualifications.
In estimating the impact of GSC trade on women's welfare indicators, one of the empirical difficulties lies in how to measure a province's connectivity to GSC trade. This is for two reasons. First, measurement errors in trade data can cause either over or underestimation of the true level of trade activities. 5 As an alternative to trade data, FDI is often used as a measure of GSC trade connectivity. The PRC statistical yearbooks only report FDI flows for individual years, not the cumulative FDI which is a correct measure of GSC trade connectivity. In addition, FDI data tend to display autocorrelation, which further complicates the measure of province-level connectivity to GSC trade in the context of panel data regression analysis. It is widely recognized that trade data can be misleading due to reexport activities, and value added data should be used to measure trade which is often not available at the province level. FDI data are also ridden with problems as they are a measure of FDI flows for any given year which often exhibit a negative autocorrelation as a typical time series pattern of investment.
In the regression analysis, we test the robustness of the results using different measures of GSC trade, including FDI-to-GDP share, trade-to-GDP share, trade per capita, and their lagged variables. Due to the high correlation between trade and FDI data as shown in the correlation matrix in Table 1 , the model specification only includes one of them as a measure of GSC trade to mitigate multicollinearity. The full regression results using all four GSC trade measures are reported in Appendix Tables A3.1-A3.4.
B.
Summary of Data Table 2 summarizes the key variables used in the regression analysis. The dependent variables include measures of women's welfare in terms of level and also gender inequality of these indicators, with the latter expressed as a ratio of female-male outcome indicators. Statistics. 1990 Statistics. , 1995 Statistics. , 2000 Statistics. , and 2010 . Population Census and China Statistical Yearbook. Beijing.
We use two sets of figures to present a summary of these variables over time and across provinces. Figure 5 presents a summary of key indicators capturing GSC trade-related indicators, including trade and FDI, share of industrial sector, and GDP per capita across provinces over time. While these indicators present an upward trend over the past 2 decades, a sharp rise occurred during 1990-1995, whereas the ratio of FDI and trade to GDP remained constant from 2000 to 2010, suggesting that GSC trade may have reached the local absorptive capacity. Republic of China, 1990 China, , 1995 China, , 2000 China, , and 2010 (a) FDI-to-GDP ratio (b) Trade-to-GDP ratio (c) Industry share of GDP (d) GDP per capita FDI = foreign direct investment, GDP = gross domestic product. Source: These plots are generated from the province panel data constructed using the data from the National Bureau of Statistics. 1990 Statistics. , 1995 Statistics. , 2000 Statistics. , and 2010 . Population Census and China Statistical Yearbook. Beijing.
Figure 6 presents a summary of women's welfare indicators under study. The share of female employment in skilled occupations and management positions is the most informative indicator of women's welfare, capturing education, employment, occupation, and empowerment. While there are large variations across provinces, the share of female employees in skilled and management occupations is rising steadily over time. All gender inequality measures expressed as female-male ratios in the outcome indicators, including the share in skilled and management occupation, share of university graduates, and share of high school graduates, show consistent improvement over time in favor of women. However, the male-female sex ratio saw a sharp increase, from 1.08 in 1990 to 1.18 in 2000, and remained at this level in 2010 (Table 2) , indicating a significant worsening of female survival prospects possibly as a result of sex-selective abortions or other forms of overt gender discrimination. China, 1990 China, , 1995 China, , 2000 China, , and 2010 (a) Female share in skilled and management occupation (b) Male-to-female sex ratio at birth (c) Female share in skilled and management (d) Ratio of female share in manufacturing occupation to male share job to male share (e) Ratio of female share with university degree (f) Ratio of female share with high school education to male share to male share Source: These plots are generated from the province panel data constructed using the data from the National Bureau of Statistics. 1990 Statistics. , 1995 Statistics. , 2000 Statistics. , and 2010 . Population Census and China Statistical Yearbook. Beijing.
C. Key Findings
We discuss the key findings for the level and the inequality indicators separately. Table 3 summarizes the estimation of the impact of GSC trade on occupation by gender and Table 4 on education by gender. Given that structural change and trade openness through connection to GSC trade often take several years to have an impact on occupation and education outcomes, we use both current and 5-year lagged measures of GSC trade in the regression analysis. In occupation, we focus on two broadly defined jobs: (i) quality jobs including skilled and management positions and (ii) manufacturing jobs. Table 3 shows that after controlling for all key province-level socioeconomic and demographic conditions, the expansion of GSC trade, measured by trade per capita in 5-year lags, increases the concentration of employment in quality jobs for both the female and male labor force, with impacts of similar scale. The estimated impact of GSC trade on the concentration of manufacturing-related occupations is larger for men than for women. However, both current and lagged measures of GSC trade increase the female concentration in manufacturing jobs, whereas only the lagged GSC trade significantly increases the male concentration in manufacturing jobs. Table 4 summarizes the estimated impact of GSC trade on education qualification by gender. It is surprising to observe that none of the GSC trade measures (current or lagged) has any impact on education. While GDP level has no effect on the male share of university qualification, it has a negative impact on female share of university qualification, which is contrary to conventional expectations. The results show that high government social spending in education and health has a positive impact on both female and male shares of university qualification, but the positive impact is much larger for women than for men (0.47 versus 0.12). Table 5 summarizes the estimation results on gender inequality measures in occupation and education, measured by the female-male ratio of the share of skilled and management positions, share of manufacturing occupations, and share of university and high school qualifications. The fixed effect regression results show that the expanding GSC trade has no significant impact on all gender inequality measures, except for the female-male ratio of the share of manufacturing jobs. Holding other factors constant, a 1% rise in per capita trade increases the female-male ratio of share of manufacturing jobs by 0.06. Although the regression results show no statistically significant impact of GSC trade in favoring the female concentration of skilled and management jobs relative to the male concentration, the official statistics show the female-male ratio of share of quality jobs increased from 0.74 in 1990 to 1.05 in 2010, indicating that the female labor force had caught up with their male counterparts in securing better occupations.
One important focus of gender inequality is the impact of GSC trade on the male-female sex ratio that has reached alarmingly high levels in the PRC population over the past 2 decades. Given the more complex relationships among GSC trade, the associated changes in occupation structure which differ by gender, migration, and demographic factors, we incorporate the female share of quality jobs and share of university qualification in the model and test the robustness of the results using a range of measures of GSC development. The results are summarized in Table 6 . Holding other factors constant, expanding GSC trade (measured by trade per capita) reduces the sex imbalance. Unlike the results for occupation with a lagged effect of GSC trade expansion, the impact of GSC trade on the sex ratio is contemporaneous, and the estimated impact is robust to the inclusion of lagged GSC trade measures (Table 6 , column 1 versus column 2).
The estimated effect of GSC expansion is large and significant, with a 1% increase in trade per capita reducing the sex ratio by 0.03. Given the average male-female sex ratio (of those aged 0-4) increased from 1.09 in 1990 to 1.17 in 2010, the results suggest that expanding GSC trade can have a sizable impact on reducing the sex imbalance in the PRC. On the other hand, the results also show that the alternative measure of GSC trade using the FDI-GDP ratio (lagged) increases the male-female ratio by 0.38. Given the issues associated with FDI measures (which measure annual flow rather than the stock of FDI and feature possible autocorrelation for given locations), the following discussion focuses more on the trade variable as a measure of GSC trade.
What are the possible explanations for the estimated large beneficial effect of GSC development on female survival prospects? The PRC's exceptionally high male-female sex ratio has attracted the attention of many researchers. Sen (1990 Sen ( , 2003 estimated the scale of "missing girls"-as a result of the excessive male-female sex ratio at birth-at well over 1 million in 2010, and this was even using conservative estimation methods. Other studies on the sex ratio in the PRC, using a variety of data and methods, all confirm the beneficial income effect, in particular women's income, in reducing the sex imbalance. Using county-level panel data, Qian (2008) found that increasing women's income, holding men's income constant, improves survival rates of girls, whereas increasing men's income, holding women's income constant, reduces survival rates of girls. Wei and Zhang (2011) show that a 1% increase in per capita income reduces the sex ratio by 3.4 percentage points. Ebenstein (2011) simulates the income effect on the sex balance using three waves of census data (1982, 1990, and 2000) and shows that a subsidy of 1 year of income to families without a son (this can be regarded as implicit income for women) would reduce the number of "missing girls" by 67%.
The estimated impact of income on the sex ratio from our study using four waves of census data is consistent with these previous studies. Piecing together the results from Tables 3 and 4, we are able to trace the underlying causal effect that runs from the expansion of GSC trade to a reduction in the male-female sex ratio. The results in Table 4 show that an increase in GSC trade boosts the femalemale ratio of share of employment in manufacturing, i.e. share of female employment expanded disproportionally faster than that of their male counterparts. This in turn increased female income relative to male income, which improved the survival rates of girls as shown in Table 5 .
The development of GSC trade expanded female employment disproportionately because of the concentration of labor-intensive assembling activities, in particular during the early phase of GSC development and integration into the global economy. Women had comparative advantages-such as "nimble fingers" for assembling electronic gadgets and for fine sewing-in employment in provinces with more GSC trade. Such advantages allowed them to earn a higher income relative to men than in other provinces where there existed limited integration with the global economy and low levels of GSC trade, everything else being equal. This finding is consistent with that of Qian (2008) who used householdlevel data to show that women have better employment prospects in tea picking, which boosts their earnings relative to that of men and contributes to higher survival rates of girls. 
IV. CONCLUDING REMARKS
While changes in the status of women in development has been the focus of research, existing studies on rapid Chinese growth have ignored how women fared in the occupation concentration in the course of the PRC's economic transformation. Exploiting large changes in labor market conditions due to the PRC's policy experiment in promoting GSC trade (started in coastal provinces and gradually extended to inland regions over the past 3 decades), this study intends to fill this knowledge gap in the well-being of Chinese women. This paper follows a regression-based approach to evaluate the impact of GSC trade expansion on women's welfare in occupational choice by using province-level panel data constructed from a combination of four waves of the population census matched to provincial statistics.
Our analysis shows that growth in GSC trade increased the concentration of women at par with men in skilled and management jobs. However, the trade expansion had a much larger impact on women's than on men's concentration in manufacturing jobs. The latter effect also helped improve the male−female balance among children up to 4 years of age. The expectation of high female earning potential may reduce the tendency to practice sex-selective abortion and other forms of discrimination against female children. The finding of female comparative advantages in manufacturing employment in locations with large GSC trade is consistent with previous studies. Improving women's welfare in the face of major structural changes in the PRC, encompassing large-scale rural−urban migration, rapid industrial upgrading and moving up the value chain, and demographic transition requires targeting gender-based policies. Policy makers must recognize the location specificity as well as the complexity of different dimensions of gender inequality which may evolve in contrary directions. Gender-specific policies should target segments of the population such as female migrants who face particularly limited opportunities in moving up the job ladder in the global value chain with higher education and skills training for professional and leadership positions.
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